ABSTRACT. Recent studies have shown an association between thrombosis and factor VII (FVII), tissue factor (TF), and angiotensinconverting enzyme (ACE). This suggests that individuals with FVII-402 G/A, FVII-401 G/T, TF+5466 A/G, and ACE-287 insertion/ deletion (I/D) polymorphisms present an increased risk of venous thrombosis, heart disease, and ischemic stroke compared with controls. In this study, we investigated the frequencies of these polymorphisms and their association with arterial and venous thrombosis. For the FVII-402 G/A polymorphism, there were 57.3% heterozygote (HT) genotypes and 8.3% homozygote (HM) genotypes in the patients, and 45.2% HT genotypes and 15.4% HM genotypes in the controls. For the FVII-401 G/T polymorphism, there were 37.5% HT genotypes and 3.1% HM genotypes in the patients, and 32.7% HT genotypes and 4.8% HM genotypes in the controls. The polymorphism TF+5466 A/G was not found in any of the samples analyzed. For the ACE-287 I/D polymorphism, there were 43 (40.6%) HT genotypes and 63 (59.4%) HM genotypes in the controls and 28 (45.2%) HT genotypes and 34 (54.8%) HM genotypes in the patients. No significant difference was observed by comparing patients and controls. In this study, no association was found between the presence of the evaluated polymorphisms and the occurrence of thrombotic events.
INTRODUCTION
The development of thrombosis is the result of activation of the clotting mechanism and/or hypoactivation of natural anticoagulation or fibrinolytic mechanisms, with the subsequent formation of a thrombus, which results in arterial or venous thrombosis (Spronk et al., 2004; Hemmeryckx et al., 2012) .
Arterial thrombosis, a cerebrovascular disease, is one of the most common causes of death in the USA (Zakai et al., 2011) . Specifically, the stroke occurs by blockage of the arteries (ischemic form) or by extravasation of blood (hemorrhagic form). Generally, the main factor associated with arterial thrombosis is the instability or rupture of an atherosclerotic plaque. This rupture triggers the formation of a localized blood clot, rich in activated platelets that, together with macrophages and monocytes, causes the occlusion of the vessel, preventing the normal liberation of antithrombotic agents such as nitric oxide and promoting prothrombotic substances such as tissue factor (TF). The human atherosclerotic plaque contains large amounts of tissue factor and it has been suggested that, after plaque rupture, tissue factor initiates the activation of the coagulation system that contributes to the formation of an occlusive clot (Boles and Mackman, 2010; Lopaciuk et al., 2010) .
Venous thromboembolism (VTE) is a vascular disease characterized by acute formation of a thrombus within a vein. Venous thrombi are composed mainly of fibrin and red blood cells. Venous thrombosis is represented by two major clinical events: deep venous thrombosis (DVT), in which there is an occurrence of deep vein thrombi; and pulmonary embolism (PE), which is a complication of DVT in which there is a detachment of the entire thrombus or a fragment thereof, which can migrate to the pulmonary artery tree (Previtali et al., 2011) .
Although VTE is a common disease, its pathogenic mechanism is only partially understood compared with that of atherothrombosis. Over recent decades, progress has been made in identifying and characterizing the cellular and molecular mechanisms that interdependently influence Virchow's triad (de Meis and Levy, 2007) . It is accepted that the combination of stasis and hypercoagulability (a homeostatic mechanism that alters the formation of clots under conditions that increase the concentration or the activation of coagulation factors), much more than endothelial damage, is necessary for the occurrence of VTE (Litzendorf and Satiani, 2011) .
Genetic abnormalities that compromise the production, activity, bioavailability, or metabolism of specific factors can alter the physiological balance and predispose to premature atherothrombotic and thromboembolic events (Litzendorf and Satiani, 2011) .
Several genetic markers have been associated with thrombotic events, such as mutations or polymorphisms in factor V (factor V Leiden), prothrombin (FII mutant), methylenetetrahydrofolate reductase, apolipoprotein E, plasminogen activator inhibitor-1, TF, factor VII (FVII), and angiotensin-converting enzyme (ACE).
The FVII gene is located on the long arm of chromosome 13. Two of its most common polymorphisms are -401 G/T and -402 G/A. These polymorphisms of the promoter region of the FVII gene are associated with changes in FVII blood levels, and represent important risk factors for quantitative cardiovascular diseases, including ischemic heart disease and arterial or venous thrombosis (Jackson et al., 2000; Eroğlu et al., 2010 Eroğlu et al., , 2011 .
The TF gene is located on chromosome 1 and one of its most studied polymorphisms is +5466 A/G. Studies have associated this polymorphism with high levels of TF and increased risk of thrombotic events, and have been used to predict future events (Opstad et al., 2010b; Eroğlu et al., 2010; Silveira et al., 2012) . Thus, polymorphisms linked to these coagulation factors cause an inappropriate expression of their genes and can predispose to thrombotic events (Litzendorf and Satiani, 2011) .
Blood coagulation is based on the high affinity of TF for both activated FVII (FVIIa) and FVII, forming a 1:1 complex on the cell surface. After binding to TF, FVII is rapidly converted to FVIIa. However, it is important to note that factor VII bound to TF undergoes selfactivation. Only the TF/FVIIa complex is active (Mitrophanov and Reifman, 2011; Silveira et al., 2012; Mercer and Chambers, 2013) . This complex can activate blood clotting in two ways: activation of factor IX by proteolysis, and direct activation of factor X, which seems to be the predominant mechanism in in vitro studies. These two pathways initiate reactions leading to the formation of fibrin at the site of endothelial injury (Hoffman, 2003; Mercer and Chambers, 2013) . Several experimental and clinical studies have clearly demonstrated that the TF/FVIIa complex is the initiator of the coagulation cascade in cardiovascular disease (Petrillo et al., 2010; Silveira et al., 2012) .
In addition to genetic factors, acquired factors have an important impact on the risk of vascular obstruction (Singh et al., 2012) . Age, obesity, smoking, use of hormones, surgery, pregnancy, hypertension, and immobilization are common risk factors associated with venous and arterial thrombosis contributing to 90 and 60% of cardiac diseases and stroke cases, respectively.
However, ACE is a cellular membrane peptidase, and functions as an ectoenzyme with its catalyst site exposed on the extracellular surface of the cell. ACE is a zinc-dependent metallopeptidase with broad substrate specificity, but it was first described for its catalytic properties in two vasoactive peptides: angiotensin I and bradykinin (Kalyesubula et al., 2014) .
The human ACE gene is located on the short arm of chromosome 17 (Fatini et al., 2009) . The plasma levels of this enzyme in humans are related to the insertion/deletion (I/D) polymorphism in the ACE gene. The deletion of a 287-bp sequence in intron 16 of the ACE gene is associated with increased levels of transcription of messenger RNA and hence with increased ACE expression (Jackson et al., 2000; Fatini et al., 2009 ). Thus, carriers of the DD genotype are associated with higher plasma levels of the enzyme than those with the ID (intermediate levels) or II (low levels) genotypes (Jackson et al., 2000; Zhang et al., 2012) .
The association between the ACE gene polymorphism and risk of occlusive vessel processes such as stroke has attracted a great deal of attention and has been a focus of research. Thus, the identification and characterization of variants of genes that are related to diseases of importance, such as those mentioned above, may result in better prognoses, therapy, and prevention (Fatini et al., 2009; Khan et al., 2014) . The aim of this study was to investigate TF+5466 A/G, FVII-402 G/A, FVII-401 G/T, and ACE-287 I/D polymorphisms in patients with arterial and venous thrombosis in an attempt to identify additional insights into the underlying thrombotic processes.
MATERIAL AND METHODS

Patients and control subjects
A total of 210 individuals participated in the study. Patients who had survived an arterial thrombotic event (N = 27) with the diagnosis of ischemic stroke (IS), and patients who had suffered a venous thrombotic event (N = 77) were consecutively selected by physicians at the Hematology Unit of the University Hospital (Universidade Federal de Minas Gerais, Belo Horizonte, MG) to participate in the present study between July 2007 and December 2010. Diagnosis of arterial thrombosis was confirmed by magnetic resonance, brain computed tomography, and/or arteriography. Diagnosis of DVT was confirmed by duplex scan while PE was diagnosed by scintilography and angiotomography.
Patients with major systemic diseases that are known to predispose to thrombosis, such as cancer, infections, hepatic diseases, or autoimmune disorders, as well as those with coagulation disorders, were excluded. Baseline information on smoking habits, medication use, and personal history of disease were gathered by trained medical staff during a standardized interview. In addition, all participants underwent an extensive standardized medical examination. Body mass index was calculated as weight in kilograms divided by height in square meters. Systolic and diastolic blood pressures were measured in the right arm with the patient in a sitting position, according to the recommendations of the American Heart Association. Patients aware of having hypertension, taking antihypertensive medication, and/or having blood pressure values of 160/90 mmHg at baseline were defined as actual hypertension cases. Individuals were classified as having diabetes mellitus if their plasma glucose level was equal to or greater than 126 mg/dL in the fasting state, or if individuals were receiving oral anti-diabetes medications or insulin. Hypercholesterolemia was considered if total cholesterol was greater than 239 mg/dL. None of the patients was using lipid-lowering therapy. A regular smoker was defined as a subject who currently smoked at least five cigarettes per day. No renal disease was observed or detected by the trained medical staff. Patients had normal levels of urea and creatinine.
The control group comprised 106 subjects with no previous history of arterial or venous thrombosis from the same demographic area as the patients, but with no familial relationship to them. The institutional Ethics Committee of Universidade Federal de Minas Gerais approved this study, and informed consent was obtained from all participants.
Sample collection
Venous blood was extracted from all subjects into ethylenediaminetetraacetic (5 mL) tubes using the Vacutainer ® System (Becton, Dickinson and Company, Franklin Lakes, NJ, USA), and was subjected to genomic DNA extraction using the Wizard purification system (Promega Inc., Madison, WI, USA), following the manufacturer instructions. The DNA bank was prepared and stored at -80°C for future analysis and was approved by the Institutional Ethics Committee of Universidade Federal de Minas Gerais.
Genotyping the FVII (-401 G/T and -402 G/A), TF (+5466 A/G), and ACE (-287 I/D) polymorphisms
The FVII and TF polymorphisms were investigated by polymerase chain reactionrestriction fragment length polymorphism (PCR-RFLP) and the ACE polymorphism was investigated by single PCR. Briefly, amplification of the FVII and TF genes was achieved through two separate reactions and only one was used for ACE amplification using oligonucleotides that have been described previously. The PCRs were performed in a PT100 PCR thermocycler (MJ Research, Waltham, Massachusetts, USA) using 10 mM of each primer (Invitrogen, São Paulo, SP, Brazil), 2 mM deoxynucleoside triphosphate (GIBCO BRL, São Paulo, SP, Brazil), and 0.5 units Taq polymerase (Phoneutria, Belo Horizonte, MG, Brazil). PCRs were submitted to 40 cycles consisting of 2 min at 94°C for initial denaturing, 10 s at 94°C for denaturing, 30 s at 67.5°, 59°, and 60°C for primer annealing of the FVII, TF, and ACE genes, respectively, and 30 s for primer extension. The PCR products of FVII-401 G/T, FVII-402 G/A, and TF were subjected to endonuclease digestion for 3 h at 65°C with enzyme Tail (Promega Inc.), for 4 h at 55°C with enzyme BsaIl (Promega Inc.), and for 4 h at 37°C with enzyme Hinfl (Promega Inc.), respectively, in a single reaction. Digested fragments were analyzed by polyacrylamide gel electrophoresis. These methods allowed the differentiation of wild type, heterozygous, and homozygous FVII and TF genes, and I/D in the ACE gene. DNAs from previously typed individuals were included in each set of analyzed samples to control enzyme activity.
Statistical analysis
Statistical comparisons were performed using version 7.0 of the Epi Info (Dean et al., 1996) . The patient group was tested against the control group for each polymorphism frequency. Odds ratios (ORs) were used as a measure of the association between each polymorphism of the TF, FVII, and ACE genes, and to identify predictors of arterial and venous thrombosis. Confidence intervals were determined for ORs. Significance levels were estimated by applying the chi-square test. Differences were considered significant when P < 0.05.
RESULTS
Considering the baseline characteristics of patients, the majority of patients was young adults and 92% developed the first episode of thrombosis before the age of 45. Men comprised 40.4% of the patients and the median age was similar in patients and controls. Smoking (14.8%) and hypertension (7.4%) were the most frequently acquired risk factors for arterial thrombosis among patients. Familial history of thrombosis was noted in 24.7% of patients and there was recurrence in 22.7% (Table 1) .
The early occurrence of a thrombotic event was noted among patients, including those aged 8-14 years (N = 17). According to the anatomical site of the event, IS (26%) and DVT of the lower limbs (74%) were the most frequent events. No significant differences were observed for FVII-402 G/A, FVII-401 G/T, and ACE I/D polymorphisms by comparing controls and patients considering the genotypes found. For TF genotyping, no differences in heterozygous or homozygous genotypes were found between patients and controls. No significant differences were observed for FVII-402 G/A, FVII-401 G/T, and ACE I/D allelic frequencies (Tables 2 and 3 Table 3 . Frequency of angiotensin-converting enzyme (ACE) insertion/deletion (I/D) polymorphisms in patients and controls.
The frequencies of the polymorphisms studied were also analyzed according to the anatomical site, such as arterial (N = 26) and venous (N = 78) thrombosis, but no significant differences were observed (tables not shown).
DISCUSSION
It is known that the frequencies of genetic factors and their association with risk of development of venous or arterial thrombosis vary widely according to the ethnic origin and other epidemiological aspects of individuals and populations.
In this study, no significant differences were found among the polymorphisms investigated. Several studies have examined these polymorphisms in patients with venous and arterial thrombosis, but the results are very variable and sometimes contradictory (Athanasiadis et al., 2010; Lopaciuk et al., 2010; Eroğlu et al., 2010 Eroğlu et al., , 2011 Previtali et al., 2011; Friso et al., 2012) .
Studies have shown that increases in the levels of prothrombotic factors and decreases in the levels of inhibitors can induce the production of thrombin and the subsequent formation of a thrombus, and the proportion of these factors arising from genetic variations may contribute to a hypercoagulable state (Opstad et al., 2010a; Campo et al., 2013; Turfan et al., 2014) .
Genetic polymorphisms are reported to account for about one-third of increased FVII plasma levels in individuals. The allele -402 G/A has been independently associated with the increased transcriptional activity of FVII (Lopaciuk et al., 2010) . The allele -401 G/T is significantly associated with lower plasma levels of FVII (Eroğlu et al., 2010) . There is controversy regarding the genetic variations that interfere with blood levels of FVII. Some studies indicate that high levels of FVII may be related to a hypercoagulable state, and certain polymorphisms in the FVII gene locus contribute to variability in the activity of FVII in the plasma (Folsom et al., 2007; Eroğlu et al., 2010) . However, other studies have failed to find any association between the FVII gene polymorphism and arterial and venous thrombosis (Folsom et al., 2007; Serve et al., 2007) . Some studies also suggest that the alleles associated with low levels of FVII can play a protective role against, for example, myocardial infarction. Previous studies have shown that the rare alleles of polymorphisms at positions -401 and -402 are related to marked changes in the rate of FVII gene transcription. However, other studies have investigated the role of common polymorphisms affecting the plasma levels of FVII with thrombotic disorders and found quite conflicting results. Recently, Eroğlu et al. (2010) have shown that the polymorphism -402 G/A of FVII is not associated with venous thromboembolism.
Some studies have described the role of the polymorphism +5466 A/G of the TF gene, showing that it is associated with the risk of thrombosis (Reny et al., 2004; Mälarstig et al., 2005; Morange et al., 2007; Davis and Erlich, 2008; Boles and Mackman, 2010 ) and a threefold increase in the risk of thrombosis in individuals that possess this polymorphism (Opstad et al., 2010a) . Thus, several studies have reported the relationship between this polymorphism and regulation of TF expression and high levels of TF in cardiovascular disease (Campo et al., 2006; Undas et al., 2009; Opstad et al., 2010b) . Other studies have also shown that the TF +5466 A/G polymorphism modulates thrombin generation initiated by vascular injury. However, other studies show no relationship between the expression of TF and increased risk of thrombus formation (Davis and Erlich, 2008; Steppich et al., 2009; Zhou et al., 2011) .
Studies have shown that ACE plays an important role in blood pressure and the remodeling of the heart and blood vessels (Poorgholi et al., 2013) . The deletion of a 287-bp sequence in intron 16 of the ACE gene is associated with increased levels of transcription of messenger RNA, and hence with increased ACE expression. Thus, in carriers of the DD genotype, ACE levels are higher than in those with genotype ID or II (Zhang et al., 2012 ). Prandoni's study (2007) of patients with venous thrombosis showed a moderate increase in risk for male patients with the DD genotype, but no increase in risk for women patients with the same genotype. Jackson et al. (2000) in another case-control study of 500 unselected patients showed that the ID polymorphism in the ACE gene was not a risk factor for venous thromboembolism. Lopaciuk et al. (2010) analyzed the genetic profiles of 38 patients who had a postoperative symptomatic pulmonary embolism or proximal deep venous thrombosis after arthroplasty, and 241 control subjects without thrombosis. No difference between the groups was observed. These results suggest that there is no association between the presence of the D allele and increased risk of thromboembolic events. Poorgholi et al. (2013) addressed that issue in a large prospective study that included 348 patients, and reported a lack of association between ACE polymorphism and IS in a US population.
However, Khan et al. (2014) reported a positive correlation between the ACE gene polymorphism and carotid artery stenosis and ischemic cerebrovascular disease. Zhang et al. (2012) also reported that the deletion polymorphism in the ACE gene is an important risk factor for venous thrombosis after orthopedic surgery; the homozygous DD genotype increased thrombotic risk by more than 11 times, and the heterozygous ID genotype increased the risk by about five times.
Studies have shown that venous and arterial disorders share common risk factors, including age, obesity, smoking, diabetes mellitus, hypertension, hyperlipidemia, and metabolic syndrome, but the nature of these associations is not yet fully understood (Prandoni, 2007) . It should be noted that most of the patients in the present study were not under the influence of such classic risk factors for vascular obstruction, and no associations were observed for the polymorphisms studied. Most probably, others genetic risk factors, not investigated in this study, are related to these manifestations.
As described above, there are controversies regarding the importance of FVII and ACE polymorphisms in arterial and venous thrombosis. In this study, the presence of polymorphisms in FVII, TF, and ACE genes was not related to arterial thrombosis, particularly stroke and venous thrombosis. The difference between the results of this study and those in which significant differences were detected in the frequency of FVII, TF, and ACE polymorphisms can possibly be explained by differences in the experimental design and the demographic characteristics of the populations studied. One thing to be noted is that the patients in our study were not selected with regard to the anatomical site of thrombosis.
Another important aspect to be considered is that the patients evaluated in this study were young; 17 patients aged 8-14 years had suffered a stroke. We know that people aged over 45 have a higher risk of developing vaso-occlusive processes than younger people because age is an important risk factor for the occurrence of these events, as the body goes through many changes, including changes in the hemostatic system. These changes are often associated with lifestyle habits that are acquired and vary from individual to individual. In this study, one aspect of note is that more than 92% of the patients were below 40 years of age and had suffered an early thrombotic event.
The limitations of this study should be considered, such as the small sample size, the population studied, and the lack of determination of FVII, TF, and ACE levels.
Our data indicate that even in homozygous genotypes, these polymorphisms do not contribute to the development of thrombotic events in the population studied. Thus, considering the multifactorial and multigenic occurrence of thrombotic events, apart from the classic factors for thrombosis discussed above, there may be a relationship between polymorphisms in thrombotic events, although more studies are needed to confirm this.
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